The sacroiliac joint can be a primary source of pain or part of multifactorial syndromes. As there is no single historical, physical examination-based, or radiological feature that definitively establishes a diagnosis of sacroiliac joint pain, diagnostic blocks are regarded as the gold standard. The primary aim of this randomized trial was to compare the posteroanterior approach with the classic oblique approach for sacroiliac joint injection based on an assessment of procedure times and patient-reported pain outcomes in subjects scheduled for fluoroscopically-guided sacroiliac joint injections. Methods: Thirty patients were randomized into 2 groups of 15 patients each. The endpoints measured included the total length of procedure time, fluoroscopic time, needling time (length of time the needle was maneuvered), and pre-and postprocedure visual analogue scale pain scores. Results: The posteroanterior approach was significantly shorter in terms of procedure time (p=0.03) and needling time (p=0.01) than the oblique approach. Adjusting for body mass index, the mean procedure and needling times were significantly shorter in the posteroanterior group than in the oblique group. Conclusion: This study of the posteroanterior approach for fluoroscopic-guided sacroiliac joint injection observed shorter times for fluoroscopy, needling, and the overall procedure than were recorded for the widely prevalent oblique approach. This may translate to lower radiation exposure, lower procedural costs, and enhanced ergonomics of fluoroscopicallyguided sacroiliac joint injections.
INTRODUCTION
Low back pain is responsible for the loss of 149 million work days per year in the United States and accounts for about $100-$200 billion of the annual U.S. health care budget. 1, 2 Low back pain is considered the second most common cause of disability with a steady increase in incidence from 3.9% in 1992 to 10.6% in 2006 . Approximately 80% of the population will have an episode of low back pain during their lifetime. 3 About 25%-27%
of patients with persistent mechanical low back pain below L5 have pain secondary to sacroiliac (SI) joint pathology. 4 The SI joint can be a primary source of pain or part of multifactorial syndromes, such as ankylosing spondylitis, psoriatic arthropathy, gouty arthritis, osteoarthritis, etc. SI joint-related pain can be challenging to diagnose as it mimics pain originating from lumbar disc herniation, facet syndrome, gluteal tendinopathies, and hip joints, which is why the diagnosis of SI joint disease is frequently overlooked by clinicians. Numerous provocative physical examination maneuvers can help elucidate the pain of SI joint origin, but none are considered pathognomonic. [5] [6] [7] Imaging may help rule out other disorders that may simulate SI joint pain, but it fails to provide a specific marker that can successfully diagnose SI joint dysfunction or pain. There is a poor correlation between symptoms and radiological examinations, and it is hypothesized that the low epidemiological values (sensitivity 19%) of conventional X-rays can delay the diagnosis of sacroiliitis. 8 Computed tomography has a sensitivity of 57.5% and specificity of 69% in diagnosing pain from SI joint pathology, although a retrospective study reported that computed tomography was negative in 42% of patients with symptomatic SI joint inflammation. 9 Radionuclide bone scanning is also reported to be a poor diagnostic tool with a high specificity ranging from 89.5% to 100%, but a very low sensitivity of 13% to 46%. [10] [11] [12] Imaging modalities offer no significant diagnostic value in chronic SI joint pain without inflammatory arthritis, because the SI joint can be a source of pain despite normal radiological findings. 13 As there is no single historical, physical examination, or radiological feature to definitively establish a diagnosis of SI joint pain, diagnostic blocks are regarded as the gold standard. 14, 15 A thorough knowledge of the unique anatomy and inherent challenges of performing diagnostic or therapeutic injections of the SI joint is vital for treating clinicians. The SI joint is classified anatomically as a diarthrodial synovial joint, but cadaveric studies have confirmed that the synovial part is limited to the anterior one-third and absence of a posterior joint capsule. The remainder of the SI joint is composed of an intricate set of muscles, ligaments, and fibrocartilaginous tissue (instead of hyaline cartilage), which along with topographical variations in the joint surface imparts morphologic heterogeneity to the joint. [16] [17] [18] [19] [20] [21] [22] Cadaveric studies have reported a marked variation in nerve innervation of the SI joint, making an anatomical nerve block ineffective and necessitating an intra-articular injection. 5, [23] [24] [25] [26] The current literature reveals a good level of evidence to support the use of SI joint infiltration with local anesthetic agents as a diagnostic test. Clinically guided SI joint injections have been reported to have a poor success rate, as the disparate anatomy of the joint compounds the subjective errors of injecting the drug at unintended locations. 4, 14, [27] [28] [29] As a result, the use of fluoroscopically guided SI joint injection of local anesthetic agents is widely advocated and has emerged as the standard diagnostic modality. The use of fluoroscopy enhances spatial visualization of the joint and the needle but also improves the precision, accuracy, and clinical outcomes dramatically. 27, 28 Current evidence shows that fluoroscopically guided intra-articular SI joint injections provide symptomatic relief for up to 6 months. 29 This modality is cost-effective, as evidenced by the cost per quality-adjusted life year falling well below the threshold cost of 1 quality-adjusted life years. 30 Analogous to the varied anatomy of the SI joint, a multitude of fluoroscopic techniques have been designed based on enhanced joint space visualization, procedural ease, and operator comfort, each claiming better outcomes. Incorrect needle placement may lead to a false-positive or falsenegative response to injection as well as cause vascular, ligamentous, or osseous injuries. 28, 31 Therefore, pain physicians are highly invested in devising newer techniques to enhance precision, accuracy, and safety of fluoroscopic-guided SI joint injections.
The purpose of our pilot study was to compare the newly designed posteroanterior approach, a modified posteroanterior (PA) technique for SI joint injection, with the classic oblique technique. The authors hypothesized that the newly designed posteroanterior approach developed in the pain clinic, will be associated with less procedure time, fluoroscopic time, needling time (length of time the needle was maneuvered), and pre-and postprocedure visual analog scale as compared to the classic oblique technique.
MATERIALS AND METHODS
This randomized double-blinded controlled trial control trial aimed to compare the posteroanterior approach with the classic oblique approach for SI joint injection based on assessment of procedure times and patient-reported pain outcomes. This study was approved by the hospital's Institutional Review Board and was conducted from June 2015 till April 2016. Each patient's history, physical examination, and radiologic findings were used to rule out other potential causes for their pain. We performed this technique on selected patients who presented with SI joint pain and were in the age range of 18-80 years, had no diabetes or hypertension, had a positive Patrick test (FABER [Flexion+ABduction+External Rotation] test) or Gaenslen test, and had no pain above the posterior superior iliac spine level. We excluded those patients with signs of local infection, coagulopathy, allergy to local anesthetics, and those currently on anticoagulation therapy. We assessed percentage pain relief using a visual analogue scale (VAS) after the procedure. Study patients consisted of 2 groups, each with 15 patients, referred to the same pain clinic for diagnostic and therapeutic SI joint injection. Af-ter obtaining a written informed consent, the patients were randomly assigned by the pain medicine specialist to receive SI joint injections either through posteroanterior approach or the classic oblique approach. The study subjects and the investigator (Anesthesiology resident) recording and reporting the study variables were blinded to the type of fluoroscopic procedure performed. In both groups, a solution of 2 mL of local anesthetic (bupivacaine hydrochloride; Abbott Laboratories, North Chicago, IL, USA) mixed with 40-mg methylprednisolone (Depo-Medrol; Pfizer, New York, NY, USA) was injected. SI joint injections were performed with or without sedation (sedation consisted of midazolam only). Fluoroscopic guidance was achieved via a C-arm, placed in a pulsed, low-dose fluoroscopic mode. All injections were performed by a single, experienced, board certified anesthesiology pain physician (AU) utilizing the same clinic site, a single fluoroscopy unit, and single radiation technologist.
The patients were placed in the prone position on the fluoroscopic table. All procedures were performed with strict sterile technique. For the classic oblique approach, the C-arm was initially placed in a direct anteroposterior view, and a contralateral oblique of 5-15 degrees was used to obtain alignment of the anterior and posterior joint lines (Fig. 1) . For the posteroanterior approach, the C-arm was initially placed in an anteroposterior view, allowing for visualization of both the anterior and posterior joint lines, then the C-arm was tilted in 5-15 degree cephalad direction to better expose the lower pole of the posterior joint line (Fig. 2) . To gain access to the joint, we followed the beam of the C-arm to a target site just medial to the medial joint line along the lower one-third of the joint. Once the sacrum was contacted, we slipped the needle laterally into the joint space. The target for injection in both groups was the lower one-third of the visualized joint. Arthrography was completed with a small amount of ISOVUE contrast (ISOVUE-M 200 Contrast Media Injection Iopamidol 41% 20 mL vial; Bracco Diagnostic Inc., Monroe Township, NJ, USA). The endpoints measured included total length of procedure time, fluoroscopic time, needling time (length of time the needle was maneuvered), and pre-and postprocedure VAS pain scores (at 5, 10, 15, and 30 minutes). Statistical analyses of variables between groups used t-tests, Wilcoxon, and chi-square tests. To account for body mass index (BMI), a multiple regression was performed, with time as the outcome variable and the treatment and BMI as explanatory variables. The coefficient on the treatment variable revealed the average difference in time between the 2 groups, holding the BMI of the patient constant.
RESULTS
The posteroanterior approach group included 15 patients and the oblique group had 14 subjects, with 1 patient excluded from analysis to avoid bias. This excluded patient's oblique procedure turned into a PA approach because of extraneous factors. Without adjusting for any other factors, the posteroanterior approach was significantly shorter in procedure time (p= 0.03) and needling time (p = 0.01) than the oblique approach ( Table  1) . Analysis of the fluoroscopy time, which represents how long a patient is exposed to radiation, is shown in Fig. 3 . While overall the time parameters of posteroanterior procedure were shorter than the oblique, the PA group had 2 outliers and the oblique group had 1 outlier when fluoroscopy times were greater than 10 seconds. A t-test showed that the mean difference of 1.8 seconds between the 2 groups was not statistically significant (Table 1) . Therefore, we performed a Wilcoxon test on the difference in medians of the 2 groups. The Wilcoxon test was preferred since the median does not account for the outliers. The median fluoroscopy time resulted in a significant median difference between the groups ( Table 1 ). The mean BMI was similar for the 2 groups (31.0 ± 12.2 kg/m 2 for posteroanterior versus 31.5 ± 7.1 kg/m 2 for the oblique). To interpret the mean difference, data analyses were adjusted for BMI. That means if a patient with a BMI fixed at 30 (or any other arbitrary BMI) had both the posteroanterior and the oblique methods performed on them, the average difference in their time (procedure, nee- Values are presented as mean ± standard deviation (SD).
Comparison of the average times (procedure, needle, and fluoroscopy) between the 2 groups without adjusting for any other factors. The total procedure time, measured in seconds, is 111.8 seconds less for posteroanterior procedures, on average, than for oblique procedures. The difference in total procedure time between the 2 groups is statistically significant. *Z statistic, Wilcoxon test.
dling, or fluoroscopy) for the 2 procedures would be the mean difference in time as shown. When adjusting for BMI, mean procedure time and needling time were significantly less in the posteroanterior group than the oblique group, but no difference was seen in fluoroscopy time using median regression analysis (Table 2) . VAS pain scores for the 2 groups are shown in Table 3 . The only significant difference was lower average VAS at 5-minute postprocedure (t = 2.15, p = 0.04) for the oblique group than for the posteroanterior group.
DISCUSSION
This single-site randomized trial showed that the newly designed, modified posteroanterior approach for SI joint injections was significantly shorter in procedure time and needling time and similar in VAS pain outcomes within 30-minute postprocedure in comparison to the classic oblique approach. The complex anatomical schematic of the SI joint has led to the development of various fluoroscopic-guided injection techniques, with an endpoint to delineate the anterior and posterior portions of the SI joint to facilitate ideal needle positioning and precise medication injection. 32 Based on a review of the literature, the 2 most common techniques are the direct PA technique and the oblique projection technique. In the PA approach, the more medial joint is posterior while the lateral joint is the anterior aspect. The target is the posterior one-third of the medial joint line. 5, 13, 28 Most practitioners will target the medial joint line, hitting the sacrum to gain perspective on depth and then carefully slipping laterally into the joint space. In the oblique approach, the C-arm is rotated in a contralateral manner until the 2 joint lines become superimposed. Then one would target the inferior segment of this superimposed image, as the superior SI joint space is composed of interosseous ligaments. [32] [33] [34] There are many modifications to this technique in current When adjusting for BMI, mean procedure time and needle time were significantly less in the posteroanterior group than the oblique group, but no difference was seen in fluoroscopy time using median regression analysis. Unlike the first 2 times (procedure and needling times), we used median time for fluoroscopy time. We followed it with median regression, which simply models the median instead of the mean. We tried to employ the mean regression for fluoroscopy time, but there was no statistically significant mean difference when adjusting for BMI. Again, the outliers appear to bias modeling the mean. Therefore, for fluoroscopy time we reported the results from the median regression. *Median time. † Chi-square statistic. Values are presented as mean ± standard deviation. The only significant difference between the 2 groups is that the average VAS 5 minutes postprocedure score is significantly lower (t = 2.15, p = 0.04) for the oblique group than for the posteroanterior group. Fig. 3 . The boxplots show that posteroanterior times are lower than oblique for the most part. There are 2 outliers with fluoroscopy times greater than 10 seconds in the posteroanterior group as well as 1 outlier in the oblique group. A simple t-test would be biased due to these outliers. As proof, a t-test showed that the mean difference of 1.8 seconds, as shown in Table 1 , between the 2 groups was not statistically significant (t = 1.25, p = 0.22). Therefore, we performed a Wilcoxon test, a test for the difference in medians of the 2 groups. The median Fluoroscopy time (in seconds) is 6.5 for the oblique group and 4.0 for the posteroanterior group, resulting in a median difference of 2.5 seconds between the groups. Treatment practice. 13, 35 Dussault et al. 36 describe a modification to the posteroanterior approach. In this method, the C-arm is initially placed posteroanterior to the patient and the lowest 1 cm of the joint is marked on the skin, followed by a cephalad tilt of 20-25 degrees. A needle is then introduced into the original site marked on the skin in a posteroanterior manner until it gains access to the SI joint. The key to this technique is that the cephalic angulation of the C-arm displaces the inferior portion of the SI joint in a caudal direction. Our posteroanterior method uses a modification of the classic PA technique described by Dussault et al. 36 Instead of 20°-25° from the vertical, we used only 5-15 degree cephalad tilt from the vertical of the fluoroscopy machine. Our approach yielded much lower mean fluoroscopic time (7.0 ± 3.8 seconds) compared to Dussault et al. 36 (108 seconds;
range, 36-328 seconds). They reported that 64% (22 of 31) of subjects achieved a greater than 50% decrease in VAS compared to 100% of the subjects having the same outcome in our study. 14 Dreyfuss et al. 37 reported a modification to the oblique technique that utilizes dynamic fluoroscopy. They proposed contralateral oblique rotation of the C-arm to profile the joint, followed by rotation in an ipsilateral direction between 5-20 degrees to attain ideal separation of the joints. Interestingly, others have proposed using both the posteroanterior and oblique techniques simultaneously. Kasliwal and Kasliwal 38 reported that they used a PA view, angled cephalad, focusing on the lower part of the SI joint, followed by the contralateral oblique view, ranging from 0-30 degrees, until the widest space at the inferior portion of the SI joint was visible. They advanced the curved needle towards the inferior margin of the SI joint and used contralateral and ipsilateral oblique views to facilitate needle advancement in the appropriate plane. They then used lateral fluoroscopic tilt to confirm needle placement and visualize the spread of contrast. Of their 30 cases, needle position was satisfactory in 28 and contrast spread was satisfactory in 27 cases. They did not include fluoroscopy times although they commented that enhanced visualization of the depth of the needle improves safety by reducing the incidence of injuries to other structures in the pelvis. Gupta 39 described a novel 2-needle technique for difficult-toaccess SI joints. Gupta 39 describes a technique that uses a combination of oblique projection followed by a return to a PA projection to confirm proper placement of the needle tip before the injection of contrast. Rana et al. 35 analyzed computed tomography reconstructions of the pelvis from 100 SI joints in 50 patients who had clinically indicated pelvic scans. They reported that with a patient lying prone, the data supports using a tilt of the X-ray image intensifier 10 degrees caudal past the vertical anteroposterior view for the optimal approach of the SI joint' s inferior limb, which is the intended spot for needle placement. This observation by Rana et al. 35 supports our hypothesis that fluoroscopic-guided SI joint injections via a PA technique is anatomically superior and provides enhanced visualization of the needle tip in comparison to the oblique approach. A further argument in support of our technique comes from an observational study conducted by Khuba et al. 40 , who performed fluoroscopic-guided SI joint injections in 58 subjects via the anteroposterior approach. They reported that in 42 patients the anterior and posterior parts of the SI joint were delineated as lateral and medial joint spaces, respectively. In 18 subjects the SI joint was viewed as a single line, and they had to improvise by tilting the fluoroscope cranially, leading to the caudal displacement of the posterior joint line. They concluded that alignment of anterior and posterior aspects of the SI joint, i.e., the oblique technique, not only is time-consuming but also is associated with increased failure rates. Their findings recapitulate that the oblique view impedes the execution of an SI joint injection and that the PA approach not only offers a better view of anatomy but also is associated with less procedure time and has an inherently improved safety profile as there are no vital structures to avoid. The study is limited by the small sample size. Further multicenter studies with a large cohort should be conducted to provide further affirmation of our reported observations.
CONCLUSION
This study of our newly designed posteroanterior approach for fluoroscopic-guided SI joint injection observed lower times for fluoroscopy, needling, and overall procedure compared to the widely prevalent oblique approach. We were able to achieve similar levels of pain mitigation with less time via our technique. This may translate to lower radiation exposure, lower procedural costs, and enhanced ergonomics of fluoroscopic-guided SI joint injections. Future studies using this new approach may provide further evidence of its utility and serve to refine our views.
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